INTRODUCTION

S
pontaneous spinal epidural hematoma (SS-EDH) is a rare neurosurgical condition with potentially devastating consequences. The incidence of SS-EDH is around 0.1/ 100,000. 1 The symptoms may mimic those of cerebral infarction or spinal cord infarction, which makes the clinical diagnosis even more challenging. 1, 2 Little is known about risk factors for SS-EDH but higher age and the use of anticoagulants may increase the risk. 3 Still, most patients with SS-EDH are relatively young (in their 50s) and not on anticoagulants. 4 The source of bleeding is believed to be the posterior internal vertebral venous plexus, a structure that is more prominent in adults than in children. 5, 6 The most common locations for SS-EDH are in the middle to lower cervical region (C4-Th1) and the lower thoracic upper lumbar region (Th9-L1). 4 Because of the rarity of SS-EDH, diagnosis is often delayed. Delay of surgical intervention is probably the most important modifiable prognostic factor for recovery after SS-EDH, although little hard evidence has been presented. The strongest prognostic risk factor associated with outcome is preoperative neurologic status, which tightly correlates with operative delay. 4 Yet, little is known about predictive factors of outcome in patients with SS-EDH. Here, we analyze 10 patients operated on for an SS-EDH in our institution from 2009 to early 2016.
METHODS
Setting
Our institution is one of the largest academic neurosurgical departments in Scandinavia (Töölö Hospital, Helsinki University Hospital, Helsinki, Finland) with a catchment of nearly 2 million people. Approximately 3500 neurosurgical operations are performed here annually. went through the patient charts to exclude all patients with an identifiable cause of bleeding (trauma, after surgery, after lumbar puncture) and included only patients with SS-EDHs. The study was approved by the ethics board of Helsinki University Hospital (102/13/03/02/2016 TMK02 x73).
We recorded preadmission functional status, bleeding characteristics, and postsurgery outcome. Preoperative neurologic status was defined according to the Frankel classification: For the univariate outcome analyses, the Nurick score was dichotomized to good outcome (0e2) or poor outcome (3e5), and the Frankel class was dichotomized to poor preoperative function (AeC) or good preoperative function (D and E). The neurologic assessments before and after surgery were made by the treating neurosurgeon. Mean follow-up time was 19 months (standard deviation, 25 months).
Statistical Analysis
Given the small sample size, we used only descriptive statistics. Categorical univariate variables were tested using the Fisher exact test. Continuous normally distributed data were tested using the Student t test, and skewed continuous data were tested using the Mann-Whitney U test. Categorical data are presented as numbers (%), parametric data as mean (standard deviation), and nonparametric data as median (interquartile range [IQR] ). We used SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, New York, USA) for the statistical analyses.
RESULTS
Ten patients were operated on for an SS-EDH between 1 January 2009 and 21 February 2016. Individual patient characteristics are shown in Table 1 . Patient mean age was 70 years (standard deviation, 10), median age was 68 (IQR, 65e78), and age range was between 51 and 85 years. Five patients were female. Six patients were on oral anticoagulants (all on warfarin) and 4 patients had no history of oral anticoagulant use. Preoperative admission median international normalized ratio was 3.8 (IQR, 2.4e5.6) in patients on anticoagulants and 1.0 (IQR, 0.9e1.2) in patients not on anticoagulants. One patient not on anticoagulants (age 69 years) had myelodysplastic syndrome with associated thrombocytopenia (19 Â 10 9 /L on admission). 
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Time from symptom onset to surgery was less than 24 hours in 6 patients, 24e48 hours in 1 patient, and more than 48 hours in 3 patients. Symptoms started with neck and back pain without clear radiculopathy in 9 of 10 patients. Only 1 patient had a clear radiculopathy.
Seven patients had 2e4 involved segments and 3 patients 5 or more. Eight of 10 hematomas were laterally or posteriorly located and 2 anteriorly or circumferentially. The distribution of involved segments is shown in Figure 1 .
Preoperative functional status is shown in Table 2 . Five patients had a preoperative Frankel classification of AeB and 5 patients had a classification of CeE. Five patients recovered well to a Nurick score of 0e2 and 5 patients had poor outcomes with a Nurick score of 3e5. Of patients with a poor functional outcome, 3 remained chair bound or bedridden (Nurick score of 5). Table 3 shows the univariate association between preoperative variables and Nurick score. Although no statistically significant associations could be established (because of the small sample size), patients with poor preoperative motor function (Frankel class AeC), a greater number of involved segments, and thoracic hematoma had an extremely high rate of poor neurologic outcome (between 80% and 100%; see Table 3 ). Six patients were operated on within 24 hours of symptom onset but only 2 of these 6 had a good functional outcome. In contrast, 3 patients admitted more than 48 hours from symptom onset recovered well.
Two patients, aged 70 and 85 years, died 17 and 37 days after the surgery, respectively. Both patients died after hospital discharge with significant postoperative morbidity (Nurick scores of 4 and 5).
DISCUSSION
In this surgical case series of 10 patients with SS-EDH, good functional outcome was found in half. Because of the small sample size, we did not seek statistical associations; however, patients with poor preoperative motor function, a greater number of involved segments, and thoracic hematoma had remarkably poor postoperative neurologic outcomes. This suggests that functional recovery depends heavily on preoperative functional status and bleeding characteristics.
SS-EDH is a rare neurosurgical emergency. Consequently, most of the previous studies are case reports. 4 Even large observational studies are lacking. Our findings that preoperative neurologic status is one of the most important predictive factors of recovery is supported in the literature. In a surgical case series of 30 patients (of whom 5 had SS-EDH), preoperative neurologic status correlated strongly with outcome. 9 Bakker et al. 4 found similar results in their meta-analysis of 741 SS-EDH cases. Hematoma size and number of involved segments are other factors we found that correlated with outcome and this is supported by the literature as well. 4, [9] [10] [11] We also found an association between hematoma location and outcome. A possible explanation for this is that the thoracic spinal canal is narrower than the cervical and lumbar spinal canals, making the thoracic spinal cord more susceptible to compression-induced ischemia caused by the hematoma. 12 In our series, there was only 1 patient with a pure lumbar SS-EDH. For statistical reasons, we grouped this patient with the patients with thoracic SS-EDH. Thus, any conclusions regarding outcome for lumbar SS-EDHs cannot be drawn from our series.
Time from symptom onset to hematoma evacuation has been one of the strongest outcome predictors in several studies. 9, 10, 13, 14 Foo and Rossier 11 found that patients operated on within 12 hours generally recovered well, whereas patients whose surgery was delayed to 12e36 hours had a similar outcome to those 4 operative delay did not predict recovery, suggesting that there might be something else influencing the probability of recovery. For example, Lawton et al. 9 showed that even patients with a preoperative Frankel grade A (complete motor loss) may recover well. The probability of recovery is highly related to the extent of spinal cord ischemia, which in turn is determined by the force, duration, and rate of compression exerted by the hematoma. [15] [16] [17] [18] [19] [20] [21] SS-EDHs are, in general, venous bleedings from the posterior internal vertebral venous plexus. 3, 6 Venous bleedings may be more insidious than arterial bleedings because they bleed less profusely and slow symptom development. This is a major cause of primary misdiagnosis delaying operative care. We believe that it is plausible that in patients with a more rapid onset of symptoms, appropriate diagnostic measures are performed at an earlier stage, leading to shorter operative intervals. Patients with longer operative delays may also have a slower developing hematoma with decreased force and rate of compression but increased duration. There is probably a complex relationship between force, duration, and rate of compression that we still do not understand, which is why some patients with long operative intervals recover and other do not. Tarlov et al. [18] [19] [20] [21] suggested that the time from symptom onset to maximal neurologic deficit estimates the rate of cord compression. Duration would then be estimated as the time from maximal neurologic deficit to surgical intervention. Still, estimating the force of compression in the clinical setting remains a challenge and an impediment to outcome prediction.
Patients in our case series were notably older than previously reported. Mean patient age in our study was 70 years, whereas it was 52 years in the meta-analysis by Bakker et al. 4 This indicates some case-mix differences between our study and previous studies. In the study by Bakker et al., there were no significant differences in age between patients with good and poor neurologic outcomes. However, the absolute age difference between those with good and poor outcome was 2 years (57 vs. 59 years), whereas it was 9 years (63 vs. 72 years) in our study. However, age was not a ORIGINAL ARTICLE significant predictor of outcome in our study, which of course might be the result of the limited number of patients. Thus, the effect of age on outcome after SS-EDH remains controversial and warrants further studies. Acute local neck and back pain with progressive hemiparesis or tetraparesis should promptly warrant further investigation to exclude the possibility of SS-EDH. Magnetic resonance imaging of the spinal cord is the gold standard for diagnosing SS-EDH. Patients on oral anticoagulants should promptly have their coagulation status restored to minimize progression of the hematoma. Experience of how to treat patients on new oral anticoagulants is still lacking and needs to be addressed.
Investigating SS-EDH remains challenging because of the nature and rarity of SS-EDH. Multicenter prospectively collected data seem necessary to understand this rare but devastating disease.
Limitations
There are some limitations to our study that deserve mentioning. First, this was a retrospective single-center surgical case series, which made our patient sample small and increased the likelihood of type II errors. Second, because of the retrospective nature of the study, we were not able to precisely assess time from symptom onset to maximal neurologic deficit and time from maximal neurologic deficit to operative intervention. Thus, we used the time from symptom onset to operation as our measure of time. We were unable to investigate the natural history of the SS-EDH because we did not include patients treated conservatively because this group are seldom admitted to our center.
CONCLUSIONS
SS-EDH remains a major challenging neurosurgical emergency associated with severe comorbidities. In our series, half of the patients recovered well. Although no statistically significant association could be established, hematoma location and size and preoperative motor function seem to be the major predictive factors. We could not establish any relationship between operative delay and outcome.
